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(57)Abstract: 

PROBLEM TO BE SOLVED: To markedly improve a 
semiconductor light emitting device in external quantum 
efficiency, by a method wherein a light takeout plane is 
turned rugged to be improved in light takeout efficiency 
so as to more efficiently take out light emitted from a 
light emitting part. 

SOLUTION: Projections 9 formed like semicylindridal 
lenses are provided on the surface of a P-type GaN 
layer 4. As mentioned above, in a light emitting device 
where the P-type GaN layer 4 is turned rugged, light 
obliquely incident on a light takeout plane is capable of 
passing through the light takeout plane corresponding to 
an angle which incident light makes with the rugged 
surface. Even the totally reflected light is repeatedly 
reflected, and when it is incident on the surface of the 
rugged part at a normal angle smaller than a critical 
angle, it is capable of passing through the light takeout 
plane. As a result, a semiconductor light emitting device 
can be markedly improved in efficiency to take out light 
emitted from an active layer 3, that is, in external quantum efficiency. 
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ffne^3ts»*^Kaisix*3te^n»^BX o a Law** 

[it^JS4 ] ire?*****?!*, trnzmwinrr 
k. 

^b^v^MKT^ASftT^SClkfclSafc-f £11 

SattLT&W-&*ut 1 0 0 n mJ2rR9SJP«0&Jg*»£2: 
*JI**T*il:*W«i:'r*lll«3m~5<OV^<i*» 

i o^iaso^ttcfB^^ . 
k, 

tula h L^JSJi^^*-r SlSk , 

fifiagfc%3MI^^Slffifc«ffi*$fi£-$-*iak . 

KBOtiR¥^^BH=IHIi!]i*»l«-*Ifi* $ 4>t= 

tt**-t 4 w t * wnt -r * m*« 7 iea«^*fBt 

{c*t«$iiv^^A (Mg) Sr^L^l^Ji 
k, l?femi^Jl<0±t*ESSil^ ( Au ) a^SrS 
ff 2 *>Ji**t»£ k £*#i*k f 6M«51 7 4fcli8 fcfc 

[0001] 



aN, I nGaN, GaA 1 N% b'CDffl&fa%i¥m#IB 

gm&it, msmnfai&k'm Lv^wfcaaaeFa 

i o 00 2 ] 

[0003] zzx\ *fHttev^ rfiflsfc3RiN»«cj 

tit. B, I n y A l 2 Ga (1 . „.,.,, N (O^xSl. 0 
gySL OSzgl ) #&jiIfifcieT'^£;h.6III-V 
Mb£*¥#ttSr-£-*, V8i7c5Sk LT«, N 

ciSDit y y < p ) (As) 3r£fc-Mr*-*art 

[0004] SMlS*» i i i ***fflV>t«3(6#'-f =f- H 

(led) v- <rtc t'coftftmtt mutri z 
two. ztttx-mmx-^tzmt^co-m^mi- 

[0005] SWHWR#^*mvfc49WWfc* 
X=F<0-n tULED SrflUaWf TRW* S.ilO 

1 0 l«0B:GaNA y77l (0*fH*-f) s . nIG 
aNJ!102. I nGaNfBfcJf 1 0 3, pMGaNJl 
1 0 4*^)iyi:xb-^df>-A';t-fig^$tUtffi«Sr^-r-i.. 
ttz. I n G a N^f 1 0 3fe it/pIG a Ni 1 0 
4<0— gP* { X.y^-^^^*$ixT. nlGaN1102 
* J fgtBStlTV>4. pIGaNll 0 3±t{ipfflH®H 

mffii 1 3tmf&zti* *e>-mizmfiSBjkm<?>iimm 

1 0 7i:p«^yf^^Sil 0 6#*ilJf £iVCV% 
nIGaN1102(T)±i:linKI105 

[0006] zcoiiozmmizis^xte. pwmiiio 
6 tit Lx&xztitmMz. mwtinA^Tamtm 1 

1 3T75tf pIGaNll03HnlGaNl 

1 0 2ic^gg*iax$ixT%3tt. *«3iaisaiH«tti 

[0007] 

[^* j fi?*LJ:5fr&iKii] ii^. motzm 

[0 0 08] -t^rt)*>. GaNW\>H^ 'y7*ti3. 
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[0009] £ti. GaNOSflf^ti2. 67b±%^ 

z \> vft sivxm t tim± . LEDf-7 r co^htcas 9 aw 

Sr^. 7°cr>m.m(,ZAR (anti -reflect ion : RStRS 
it) B5£j&£l/tk. Cl«Offi*ft»4S5*>4>=5:Vv ico?t 

[00 10] iit. JKUXOajLffi-CfcSpaGaNJi 

co^HSriaei^cjioitiitf. zvmmz&g-t&z. 

GaNJU±*6fiJK<o*S*««eSBk«r*. ^LT. 

tTV^U-po, J?v>pgGaNB$rJgj£LJ:3fc 

[0011] *%HJ{i, *>*»SS«^iS<?5|gSSfc:S-^ 
[00 12] 

*» 6* tB 3 it £ afcOflWvoMR 9 ffi L8>^a*tt#£ & 
i 3 fcftBX 0 tB Lffit=Dfldb*«lft{t £ixT v % h £ t & 

[ o o 1 3 ] ^ zx\ *%.w<om& L^mmwrnmb t 

[0014] ifctt, BulE*3i*%3K^«i, Wfc* 
X^&ZbZmib-tZ. 

[ 0 0 1 5 ] i fc»A. lufS¥®#fBK3^»3. Tii^ 

[ooi6]^-^. mssmt^m<DT<omm.{m^ 
*mmz. m%m^mmmb<otmmcDii&zt3\ l -> 
x. F-jtyhtf&^mmx-mxzti. 

lz{&TZM:Z>ZbtfX-Z?>. 

[0017]ifc, IflfBlttttSffiJi. ffilBfiM2ft$¥ 
mfcbimLxmit>tlti 100 nmETROJSEO&JK 
*>^SJBS:WL. *0±t«HW* I TCKOfWHSK 



[0018] *^C0^#:^3K^iOS!jt^ft 
IMfl«jR¥«*fc:tltttS«*3Sli:. «EH-^ 

[ o o 1 9 ] w zx\ mz&mm&imt&m&imn 
miz. mt^&m*m&co3mi l zwa$:Bf£t&j:m 

Mzttvxmim&f-t&zbzmsibL. ^roottj 

[ 0 0 2 0 ] fflf&JM i: LT, meS^Hl%¥ 
£fls<0g|ffifc«t«$ixv^*S'>>A (Mg) 5r*WLfc 

mi <omb. msm i ^Ho±^Jta$^^; iau) 

[0021] 

m&tMttmfr®w®dtmx'hh. -r^h*>^ mmn 

^mftmim^li. t7T>f7Ml«±CGaNA 7 
7tM iWr*t¥) . nlGaNI2. I nGaNM 

ttz, I nGaN5Bt^3fcJ;t/pMGaNJi4JiMtR 
mzx.-y*>7m£:ZixX . njEGaNJB2^Jfl§<X 
TV»&. pMGaN«4<55±tw(i» — gB^HSSijtfflcO 
*figy»7*«^S<l-CV^. LT, p!GaN!4t 

imm7<r>±izi±^ pmmi%mi3tfBjgLzti* z<n 
±t,zpwr>#>7 ! i >r ■ ^-y h 6tfmR.mzmmzti 

TV^„ iti^ nlGaN12<0idinIlg5A^ 
f&ZtlX^Z. 

[0022] *m}cOft®.m%&C0Ub-?li. pIGa 

N«4<^ffifcG3ia*<oani*«ii5SiiTv^jftfc**. 

•t=Sr*)^, H^LTtW^fcV^Tti. p!GaN14^ 

tlX^Z. pSGaNJ!4^®^i<7)j:3tJaX-ri. 
i b tz J: 0 . vgft B 3 *^Scm$ *uW(WMR 0 tB LX& 
Z&m~t&Zbi> i X'%Z>. 

[0023] -f^*>. 0 1 QIZTfiLttf&Mnii 0 HZ 
WWL'OltiLWWWWTjb&b. «1tS3*»<bJfcai5it 
tz%.<7>ot?X\ W0OiLWI,zttLX®,im£*)l>jzZ^ 

^mn&TmMzxmLumt. ^zMZftz. ztuz 

MIX. *>&ty<W&tm=F\,z}i^X\i. XMD&Lffilz 
*ilX$mzXMLtzfti> . Alt LfeDOfl® fc o>ft*K: 
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[0 0 24] o*9. tt^Tffltt^^BROaiLWco* 
^kJt^T. Efl£l®c7)«^(3ii s WWST**2 1 . 9 

•r^ k (as 

.Ik 

[0 0 2 5] *fc. *SBHSJBJBt3i3^TJ4. piGaN 

14, ^it-Wi^UVKU*^- UyXtct^T^S 

[0026] *«KBk: J: S^fWteHH^fc o 
lAkO<09W8tf»4. pIGaN!4(7)W«?^ 
(Mg) tm^mgX'ttZtLT^&ZbT'h 

&<> mzmm-z±oiz^ ^ftrnz^x 

*4. *^0»3gXStC*$V^T. piGaN!4^®t: 
TV/^A^G a N/14 <a«ffiJIteSHSSHtfc» 

zcv&mmzmzLx. p«awsai3*r»tfw- 

I), C(7)J:5 5:a«F<?5ro-feXtcJ:oT. PIGaNl 
4^®#3fi^ J rUT^S^±#^-^. 3BJ1S1 3 

[0 0 2 7] C^Oct p^^^ASrplG 

aN!4 a«fBJI£jafiUMz F-ey^iT& 
T> p!GaNl4^) raBSixj fc'HBW-*£i: fcT* 
4. "fi*>t>. **H^tC45V^-Ci4. piGaNl4^S 

mzw&zm.if&titbttz^ g aNm4$:fohmmm<m 
Mzm&^&tzMzpmY-^hzm^^mgzTF-v 

y/lOO, GaNJf 4£JS<J&f|-f &k rffi^^tj & 
6. 

[00 28] ZtilzttLX. *JMK:J:*itf. AJHMC 
V^S/^ASSAt&OT, P lGaNl4^: 

«ot, rHSBlj £ffl<£k*<* GaNJI4£ 
k**»T«k&&. 

[ 0 0 2 9 ] mz. *&*McD¥£ftm?comm-xm<7)Mfk 
m^^xmrn-t^. 

[0030] 02 2MXH3 {4. ^B^^BKSR^^Sffi 



£><t)[!{4. Hl*c*LfcA-A*T^LfcBrHtf>-ail 

[0031 ] HB (a) izmLtzXdlz. *T7t 
4TmsLlCD±.\iZ. i^L5rUGaNA' 7 7Tl, nl 
GaNJI2. InGaNfB£Jl3. P§gG a N/f 4 £J® 

-iMMMHSkLTtt. mux. moc 

VD (metal -organic chemical vapor deposition) 
ft. 'vf FCVDfi, &&M4MBE (molecuia 

rbeara epitaxy) &*T0>«tt&OT & . 

[0 032] 1112 (b) IzmLtzXolZ^ 

Y*9—>*imti. **Wfc»4. pSGaN@4c7) 
affitwlx^bSrffifSL. PEP (photo-engraving pr 
ocess) ffitCi9^--y^tT> aSOWtfc^h 
^>f7°«^V> ? Xb>'N c 5 ? -y3 0^^fig^^ 
;^->^Jl#«^rai4. JStt«3^^JR0lULffl 

7 ycomRvmmz aaa ^ ? o ygjgkir & «r 

[0 0 33] mz. 122 (c ) ^L3tJ;a{:, 1^* 
b^-V3 0OJB«SrjDX'r4, Sf*WW4. SJfcMffll 

[0 034 3 122 (d) &«LfcJ:?fc:* U>U 
h^->3 0^JBttSpSGaNJB4tC(B^-r&. A 
#W«4. !/^WV-y3 0O±*feRlE (reac 
tiveion etching) rtV $ U y^ ( ion milling) ^ 

y3 03WB^y*-^$*u -eoT<0pMG 
aN14(,)l^x 7 fy^ill>. «lcoi:atLT. p 
IGaN!4 <7)$m\,Z l/yXW^-y3 0 ^»T®^« 

w^naflSr^jfrr h Z k 4 . 

[0 0 3 5] ZZX\ WJAV^?->3O0mW!mk 
k. JOX«OpaGaNJB4^*ffiIHia<^Bfrffi»«k<0 

X. pSGaNji40x«yf-y^5SJK^3&<av>«^fc: 
{4. pMGaNjl40iyiW4. 

aa^»LT. piGaNi4^x7f>/a[s^ 

@V^i§^(3(4. pSGaN@4 0[HlCii4. U^b^N 0 ^ 
->J:9tWBlSfl*. ftoT, P ^GaNS4^)[infl 
{4. ^^xM^-v3o^BrffiJ!Jttkxy^y^3fflR 

itk imMmm-h t izx miwth^ t wx-z h . 

.[0 0 36 3 mz, M3 (a) C^L^oC, *-f. 
IHl£h^^3PX Lfc P IG a Nil 4 <?«ffi^*fcM g 
(7^y>>A)l4 0^Au (&)*4 2£flRMK* 
L> JBaaaSrJS-t. «I^T\ Mg«4 0^SJi(4ffilitf 
lOnnu Aul4 2 ^SJ5i4fi?ll 1 0 0 nmb^h 
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ZkWX'Zb. £tz. «aft3I<0SJK£:. 3 00*CtJLbk 
-ri^fcfciORff^B** 5 *^*!*. Hitf. 7 50 
•CT2 OfMSHIfficO? 5 7yi7--;^itl k aWtt 
mWTJ>*. -iOJDB*Cj:9, Mg*«GaNl40*i 

k#T&&, Au (&)Ji4 2«i. lvM9>* 

r^yrij fcLTflMIW*. -«r*>%. Mgl40 
V)±t t ZAxim4 2t:mfZ>Zt J:0. Mgf40^I 
«^OBfcMg36q^^iiktl»jJ:UT. Ga 
N*4^<OMgOffi««riEJii-4Ck3&<-C&«.. 4fc. 

[0037] ^ci-e. MgmtAumcommffi&zim 

TtftV*. 4fc«U MgJf k I niikAua$raiiLT 
fcfiv*. 8fe*c. Auifclil n^ 3 3r<ktv^ii*»" 

SfflfcU SBfrWfc: I nGaNfflII«Bjfi$ft4 f I n 

P«KSk^-$y^««fcSfefc:ftjaF^4ik 

[00 38] 4fc. plOK-^hkLTIl MgO 

*t*. Be WJW) . Hg (*«) . Z 

n-(XS). Cd &k*£J8v>T 

[0039] mz. H3 (b) izmLtiZoiz^ mmL 

KMgm4 0bAum4 2Zx.vi->7'l,z£K)mt-t 
*. Z<D#mX\ piGaN14<7)Wl Mg^H^ 

iBrcK-e^sti-o**. £*>A3fc:MgJB4 0k 
mim^mmmtiz x *u * „ pMGaN/i4kP<iimfii 

kOlBfcM k . pMNniaMmiL^< 

^rSk^dilrSfl^lg^^ii/s. ZtHzMLX. *«!Bfc: 
J:*ilf. MgI4 0^if^c:i:l:J:^ pfflWBo 

[0040] *fe. H3 (c) £*Lfcj:3l^ nflW 
«5*#aW4. »f*Wfc»4. 4i\ PIG a NJf 4 k 
Stt«3S:»^W(CX'yf-V^LT. nIGaN12^ 
BIBS**. J»CVD»fcJ:9SiOjJll7* 
flffltU PEPffi&Sv^^^-y/fS. 
X^V^TcJ: 0IMJS*fc nlGaN!20±l:T i 
J|5afcAuJ|5b£IG*U 'J 7 h^ydzX 



->7LX. 8 0 0°C*C2 0 IMggK<0 77 7i/a7^ 

[004 1] 03 (d) (HfcUfcJdfc. Pit 
ffil 3Sr»fiK-r*. SttWtefcL P iGaNl4 0lffi 
COS i 0,117 *PEPJfiKJ:f3^-iy^bT»» 
WteHfc*-*-*. *LT. H£S10l»ilfcpaGaNJI4 
cOJttc. aKH&JTCBk LTJtaa»i6fcJ: 0/1$ 5 n 
mON i (-*y^) /f 1 3aSr«t«U ££>fc:. X»>? 
7^:J: 0 1 TO (indium tin oxide) aMNHSl 3 
sfirts. Ni ( — -yjvl/) JBl 3atf>tt*> 
D£s Pt (aA)I^TtAv^. ^coidtc:. I 
TOill 3b^TCT i^Pt*k^A»il 3 a £f£ 

»t«k iTo«of+«5ss^a#L. §^^«ftHsa:t 

[0042] Sfete. A (Au) ^HSritmLPEPS 

Si 1 3 hWtfetvfizti*? 4 ■ ^ y K 6 

[0043] <r^T\ plGaNf4^®^^il^ 
S i 0 2 I7li N iJOx-f - H 6^)TWT^)f8 

nSGaN»2Sr»»Wt:SaiS-B:fca^»fiEL^S i 
o 2 K7ii. H3 (c)RV(d) tc*LfcJ:3fc* X 
3OT3 01Bffi^l8ffltT^*^*flBBfc:fc»«S*L-C*$ 

ytm^^mm-r^ymxAh. -r^*^ hob 

( a ) ti«St-ttBa*tt. HH(b) fcWBt-S&nv- 
tt. HIl 0tc^L^«*^#*«3^^!|ttti>#^ 
[0045] 04 (a) 0*«-«EHrtt***fc. « 

S^i4. «an#3 . 2 $ y ry^T^Sff^li; 
3. 2^;Wfkffi<. fi!5|w*^kJt«UTl6^BJES: 

[0046]-^ H4 (b) ^ftStt^&k. * 

ifitoirt. mt\i. iMW8S2 0Syr>"<T(c*JJt* 
*ffi*S:^6k. fie*coSB^Ti4 0. 45^J7>yft 
J> & LT % *»j03lff -CJ4 0 . 95S'J77h 

Hi LTBteDDdSMBt* i k tc J: oTMO SS L3a»3&* 

flj±u «*^2fija±o*as**«»fe*i^. 

[ 0 04 7 ] 4fc. ^^^7t^co^t^(4. ^3 
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4 5 0i-S*-?Thit:. XZWieMTlZti 
WCJi. pMGaNJI40SIMO^:7*ni^2&$?T'J> 

£-fft -It Skfc. pIGaNI4«II 

Lfc»fctt*ffi* 1 3 (OfMfiMEi A# ?* 0 . 

[0048] fcLtP&LfcJ: 5 t. *MllcJ:*Uf : . p 

[ 0 0 4 9 ] <Mc, *36^SSBWfcoi,vrBfflW-*. 
[ 0 0 5 0 ] 05 li. *I6BB<0» 1 <7)$ZBm*&tm± 

mwmx-s>&. mmiz&^xa, 0 17^^03 kislt 

M^Wi**"*-*. *S8BWfci5VvtU:. pSGaN 
JB 4 «)*BUCs ^P3«a^KT=6r<.>«*^fl^SPl 0 
*9gj£$;h.TV>ft. ^cOJr5tcLTfc, t^OUX 9 ft L3& 

[0051]^.. K^mnwcmmt. 02 ckl 

#ft. 1-53r*>%, pMGaNa4co±tc:^>?xhS:R^ 

mz^-v^yr-r&ztiz*. r>m5(,zmLti£o%*m 

^£h*SP 1 0 Sr JgfiJc-r ft £ i: tfT'^ ft . 
[0052] XSSBMtiZts^T t . 121 1 tcK LT mkE L 
fciOfc PWte, SSttJi 3*»fe*flJS*l.fc*^*l«WR 

[ 0 0 5 3 ] £ ht,z. j&mmiz Xixl£. ZtlZ'ixco* 

mtv yXlzi. *) «3fcLT^SSt»ajf hZk 
ft. 

[0054] ftC, *m&>*S20yf8BmiZ*3^"CtBlW 

t-ft. 

[ 0 0 5 5] 06(4, *«W<a»2<03e»MSr*rtt4: 
£H£0T* £ . I30fc*5 W£ t> . 0 1 7^0 3 (CHI LX 
tmLti&#tm-<0®ftlzli, H— «Dfir9fcff LTB 
4B3rft»»i*"W-*. *SBjjflfcfeVvc«i, pIGaN 
Jf 4 <?)^B{C » mttTZ: < . W&?>* h 5 -f 
CWKSSl l*^(£$tLTV>S. w^iotcL-Tt), 

T* * . 

[00 5 6] 4fc.'«CSM<0C3i!MB«fc. H2tCWU 

TmftLtizrB*xbimmmzLTMiSL-t&z.£tfX' 

t=ft. ^Sr*)^ 02 (b) C£Lfc«fc5K:, pIGa 
NS4 0±tL'^'XhS:^b7-fr«(c^fi!cL, 3D^«: 
-fk§ -frTtcx y^-y^-t^z biz J: <om6lzmL/z J: o 
%minW{hZBfS.-t& Z k tfx-z ft . 
[00 5 7] *S3^f«C*JV^Tt). milzfflLXmi&L 



izismi-&zktfx'£&. 

[ 0 0 5 8 ] § #$mmiZj:tU£. 02 ( c ) (C 
[ 0 0 5 9 ] fcfc. *»H*>»30S^(COVVCKE 

-rft. 

[0060] 07J4. *l6HB«Oll3«^Jg0iJSr^-^^fcS: 
#ttl0T'£>ft. |S10tCt5^Tt. 01JbM03fcMLT 
B?^L^gK»tPI-<OgB^c«i. |S|-<OflF^5:#LTi¥ 
*BfcBHHtt4WM-*. aBQB0Wc*5V>Ttt. pIGaN 

*>*> . BW-t * £ k tfX'Z ft . 

[0061] ^mmcowam^h. mi\,zm\,xm& 

LfcrD-txk«»H«t LT^fR-f ft - 1 j6*T* ft . 

pSGaNB4co±(c;V-v^.h2rP3^co^5' 

#^*<7)JB«trB£JgL> x-/-f->^-r-Sifc^J:O07 

[0062] is^mmizii^xh, miizmLxm&v . 

[00 63] *^0!|{Cc):it«. pSGaNJf 

4com®<0C)m£%-—?)U>XW.kLtzZkt,z£*). S5 

[oo64]»;i:. -^mwnw,A <r^mmizr>\^xmm 

[0065] 0814, *WR<m4Qt3dm*9i-tm£. 

tmrnx-fcz. mmizis^xi*. mmmmsizmtx 
mmLt:&ftk&— <?>®mzii. m-wf&zttLxm 
m^mmn^-rh. *^a»mz^xit. piGaN 
mAcomrnnw-mx-h*). *n±&m%titzpmam 

WMl 3^H^iaCi«tjDX$ixT^&. ZcoXotz 
LXi>. %<F>WL 0 til L3fc££&#-r « £ i #T'£ i. . 
[0066] -r^r*)*>. S^BSl 3kLX&m2ti2> 

lTOffimmmn. mi. otj>o, p^GaNji4<^ 

JSlfti£2. 6 7lcS?tLT}£v». ta!-5T. pfGaNl4 
fc JlHjj^ i 3 1 co^tli. ^R»Md»if±-r h Zkifi 

1 StAStL^Ji:, HUcHLT1tl3*Ufc»^i:H« 

nftmrnfiimK**). zn&Mkk lx. ^KoaiL. 
»*«ra»-r * - 1 * 5 t# ft . 

[00 6 7] 3|^titJBJBteJ:#Ujr % pIGaN 

taftfimSrKJWftifc^-C^ft. 0>R{f, pIG a 
NJf4«*BS-Dfli£]i«lC»DX-rft3tl6t=jSS<or9X-7 
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^ffiWfrf-izmt.b , piGaNi4 nwmtpsm. L , 
-?&zti>h&. ztuz^tx. ^mmiznux. 

pMGaN«40^fi2:aDX-f2 l ^g* ? =5rV^T-, yf— 

[00 68] *$£&m<,Zti\.->Xl±. pSGaNil 

4(V$mi,zW£i$:Bl8.-?&>£mii i Z:WX\ pIGaN 

[0069] mmnm 1 3<vmrn(,zimzwacr);*?- 
LKZiotc^f-vhmmzm^hztifT'th. £ 

[0070] — JjX\ I TO^t'Wlltaiii. §SS 9 

vymm.x-m.< mm-tz z t tmwxfo&nx\ ma 

OX h 5 4 7*^16^$ £ 1 5 7 o yJilTfc^f 4'-& 
g#«fe-r4*§-£*>;£>4. i^ia^rmSI^^-V^ 
f£-f4;fr3;k LTIi,' r: F^3taj *'J>4. 

OV-if^^L. >v-7 5 5-5r^ LX 2%3ilzfi- 
T-e^-e*iKSt$-*'C«Sl!B5fc:ASt$*4i tlz£ ->X 

t^mm* z±t2it&jjmx'hh. znjzsizLxn 
fiBKt.* h^^yw^-y^mmth ztwx-z 4 . 

[007 1] P-lfftk LTJi, 0lJ;Uf. He-CdV 
-if (SH: 325t^-^) tArl/-f (jfcg : 
3 5 1-^y^-^) Srffl^Sifc^T^S. 

[00 72] dcOio^StSffl^'^-VSr^-r-l. 

7tUH\ «^tT— kfc^lT&.rkfcJ:'). Bf« 
W^- V£®j£-f4;«£-C£>4 . 

[00 74] H9(iu 5 OX&ffl&JMIft* 

mmmx'hz. Hactsutt, hi»2H3k:wlt 

WarRHjifctfimrt- i, . alsRHWIfcii we *> , pIG a N 
Ji4<7)^®IS ;j FtST'ftO. -eoifclli. pM@bB®Bs1 

nmrn^mamzioji^tix^h. zwxoiztxi*. 

JBWlCtJWtk, pMGaNJf 40?l®lC[^^l£7EM-r 
&^&ga ^ ^^^-•>C9-t\ JnXt#-3ffi«SR6^. PIGaN 



1 o o 7 5 ] smtai 1 3 *vm <o & t « 2 0 *>» 

£3iU J&opMGaNJf4k35^Ktfr3*£:rt4C:k 
jMBSU*. o4»K ^il^O^gfff^pSGaN 
*4fc3filt*tK. JilSI-WMfoa&RWfcffiHU **MR 

Ji 2 0 OT&Hfc LT , SWttfc**-* i<0* JBVtfUf. 
«85£Saf 4£ k^TS 4j£T-S £>fc:&V\ 

[0076] a%i£«sji 1 3<ommt txn. mi 

2 0 <0*m kUlls Witf. GaNt miftmtf& >ffl 
«ii*m*fflv^6«^fc:tt. JS<m-T4C:k^T"#4 
Btt^Z § 5rffiSCigiR-r & CI k A^fgk „ iJflg 

Vfmm 1 . 6 mST% G a N t Jt^jfit ^gSf^S:* 
[00 77] *K0aiLS2 0O»SkLT{i. 

g-ft^ u 3 > ( s i ) &mf& z k a*T-# 4 . -r^ 
*>-t. mjti'Vziynmmmi. $02. ox$>*). g & 

N<0gj)f^kjev-^tf>t:. Stt^3A^iS:tii$ix^3K* J 
*BIC*JV^T±R«t5*i«i k ^R6ik-r4Cl k^*T'# 

4. -e^ffict, Mxif. i n 2 o 3 (mmmm 

2. 0) . Nd 2 0 2 (Jg^»i^2. 0) , Sb 2 0 

3 (miftmi±#}2. 04) . Zr0 2 (SSf^«4*<72. 

1 ) , ceOj (mvtmm2 . 2 ) „ t i o 2 (jg*f* 

Ji^2. 2~2. 7) . ZnS ( J»#Nst±SS 2 . 3 

5). Bi 2 o 3 (immmz. as) %z*m\yxi> 
th lm 2 o o»f4 k UTts> m^fctt-? h ±wmm 

[0078] JjLk, ft*Wt«HL->o*»W0jttt«) 
i*W-d^$il4tcOT-{i^VV„ 01J^«, GaNI^ 

Z&hZktfXZh. 

[ o o 7 9 ] «3iaFJwi«a«. a***woe 
jEtr, m^mmmm*tt®<r>mL*mmfcthzk 

flflitf. Sr &m&=F#T*Sl<7>ffimt Ltz 

[0080] MtLTffllM,iWt7T'f7 

O, ScAlMgO,. LaSrGaO,, (LaSr) 
(A 1 Ta ) Oa&k^i&Sttt&^K SiC, SI. 
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G a A s . GaNfc£<3S|*tt««t>R*(CfflVvt*:h. 
t'tlcomkZn&Z b&X't h. ZZX\ ScAlMg 
O t aEK««^ttt. (0001)®, (LaSr) 

(M Ta) o 3 2«o*^t={i (in) mzm^z 

a NSSt LTffl ViS £ b **T*$ * . 
[0 0 81 ] ttz. GaNOJ:55rfWtt?)l«*fflM 

[0082] 

[%BJ<^*] *fra»i. J2Lhtt«UfcJ:34JBJBTH 
[0083Hf, *WSIC J:#UT, *»«c5BK5K^l= 

[0084] ^mi^itHi. plGaNl(7« 

ffittifiK:-? A (Mg) Srfc-OpSK-^Vhfc 

iS^ii«T'^$-yr.|»-i:tcJ: , 9. pffl!imffii:0:*-S 

[00851 $ <^t=. **JHc Jritwr. v^v-^AS: 
aNJfc0^ffi*^K«fe-r&C:i:tcJ;-?T, pfflamffieofl 

[00 86] *&mz£til£, v^i^A&i: 

K-ey/t5rtCJ:oT, plGaN14^ffI 
ixj ^0jg^-€.CttT'#-g». PlGaNl 
&$mi£Wih£&W&t:#>tZii. GaNiiSr^^^gJl 
<^j3c-f&^#fc9. plK-A-yh5rIi«T'K 

«f, «^tc-7^>">A2:^A-ri>OT\ pIGaN 
Mm^t, l"iB«tLj Ga 



[0087] J3UbP56L?t «t o £. ifitf, H 

[Hi ] *%w<r^wmtm^im®&®nm-t'h 

[02] *f^<?3«3K3m^«3a^**-«»I 
[03 ] *3^«03y£StTO^«3t^*«-r«*I 

x-hh. mm (a) fcHEss-Sffifttts R0 

[05 ] *%m<om i o9^fr*?*&«Hsei-c*> 

[06] *wm&2ff>smmimtmi&mimx'h 
*. . 

[07] #?SHJc7>Jj| 3 0«m&*-tfR*«H8BrC'& 
[08] #S$^SM*>^m^ffl^^T* 

a. 
«. 

[01 0] fi£5|50M-fb^^#LED<7)8frffimiiSr* 

[ff-^oi^Hj] 

1.101 t7T^f rmm. 

2.102 nlGaNl 

3.103 1 nGaNMl 

4.104 PlGaNl 
5. 105 nmWM 

6.106 if^yfA ■ H 

7.107 mmmtm 
i o m&^yx 

11 ><tXh70 

l 2 Wi/yX 

13. 113 pflijgftttmii 
20 stutoajti 
4 o -?y*i/*?A.m 

4 2 &JB 
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(72mwm m m F^-A<##) 5F041 M03 CA34 CA40 CA49 CA57 

n&imfm-ftmm^mitwi ca65 ca72 cm cm cm 

ajK^SfSBfrfe^-rt CA93 CA98 



